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RESUME 
La ville de Marseille est une large cuvette tournée vers la mer, agrémentée du plus 
grand parc balnéaire urbain de France. Le réseau d’assainissement a été équipé d’un 
dispositif de télésurveillance et télégestion en temps réel qui, couplé avec le suivi en 
temps réel des pluies, permet de connaître immédiatement les déversements en mer 
et de prévenir la Direction de la Santé Publique chargée de gérer les autorisations de 
baignade et l’information du public. En cas de pollution suspectée, les plages 
concernées sont fermées préventivement et des prélèvements sont alors 
immédiatement réalisés. Une technique d’analyse rapide permet d’apprécier la 
qualité de l’eau pour réouvrir les plages dés que possible ou reconduire les 
prélèvements.  
ABSTRACT 
The city of Marseille is facing towards the sea, where twenty two beaches are 
distributed along the coast. The sewer network has been equipped with real time 
remote control facilities. When a discharge is detected, the local authorities 
responsible for authorising swimming and informing the public are immediately 
alerted. In the case of suspected pollution, the beaches concerned are closed as a 
precaution and samples are taken immediately. A rapid technical analysis is carried 
out in order to determine the quality of the water so as to either re-open the beaches 
as soon as possible or renew sample testing if the results are not good.  
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1 REGULATIONS CONCERNING THE QUALITY OF BATHING 
WATER IN FRANCE 
One of the first European political initiatives concerning the quality of bathing water 
was the CEE directive n°76/160 of  8th December 1975. Since March 2006, it was 
replaced by a new directive which, with 20 years experience and scientific progress, 
proposed modernising the approach notably by establishing bathing water profiles, 
setting up a surveillance programme, quality control and prevention alerts and finally 
public information. 
Whereas the 1976 directive established 19 parameters encompassing physics, 
chemistry, microbiology and aesthetics, the new directive is limited to two 
microbiological parameters : Escherichia coli and intestinal Enterocoques, which are 
considered as excellent indicators of faecal contamination. This simplification is 
based on the fact that these indicators are in perfect correlation with sanitation risks 
(Fewtrell and Bartram, 2001). These value thresholds are based on a WHO 
epidemiological study and are more restrictive than the preceding directive. As an 
example, bathing is still authorised in water where the contents are inferior to 2000 
Escherichia coli /100 ml. This value will be reduced to 500 Escherichia coli /100 ml. 
The objective is to reduce the risk of contracting gastro enteritis and respiratory 
illnesses by a factor of two to three following bathing. 
There are 4 quality categories that are evaluated over a period of 4 consecutive years 
instead of one, which was the previous procedure. They are as follows: Insufficient, 
Sufficient, Good and Excellent Quality. These classifications will be based on a 4-year 
period and will therefore be less sensitive to accidental unfavourable conditions. The 
objective is that all beaches will achieve a “Sufficient Quality” by 31/12/2015. 
For each beach, a “bathing water profile” will be established, based on the result of all 
potential pollution source evaluations. This profile will establish lasting levels of 
improvements and will take the necessary actions to reduce the risk of pollution. 
The public will not only have to be informed of the quality of bathing water throughout 
the season and the reasons why a beach should be closed, but it will also establish 
the bathing water as well as the beach rating at the end of a season. 
 
2 FAECAL CONTAMINATION OF SEA WATER 
It is generally considered that a human being excretes about 107 Escherichia coli per 
stool gram. The average concentrations generally found in waste water are from 106 
to 107 Escherichia colis/100ml. A few m3 of waste water are enough to pollute a whole 
beach and the run-off from a few millimetres of rain-water produces the same effect 
after urban surface run-offs. 
The future of faecal micro-organisms in the marine environment is generally 
evaluated by the T90 which provides the necessary time for 90% of organisms to 
become no longer detectable. The explanatory mechanisms of bacteria reduction in 
the sea are relatively complex [Rouville and Quetin, Bonnefont et al] : 
- Arriving on the coast, the bacteria will be more or less diluted depending on the 
hydrodynamic conditions encountered: when there is a water discharge in an open 
zone, dilution is high, but when the zone is closed and water is not frequently 
renewed then dilution is weak. 
- They are subjected to the power of  sea purification : the salinity, antagonisms 
between organisms, predation… 
- They are subjected to ultra-violet rays whereby sunlight is seen as a very influential 
bactericidal parameter. 
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- Finally, as bacteria have a tendency to attach themselves to particles (materials in 
suspension, plankton) and form bio-films, they follow their movements and then 
sedimentation occurs. They are found on muddy bottoms which are more favourable 
to their survival where, eventually, they will be able to find themselves once again in 
suspension, whisked up by either the wind or the current and ready to pollute the 
beaches without there being any overflow of waste water. 
Ifremer generally studies a T90 for bacteria in water at 20oC from between 5 to 35 
hours. Effectively, in Marseille, the quality of bathing water becomes acceptable 
generally between one and two days after a discharge. 
 
3 FAECAL CONTAMINATION SOURCES IN AN URBAN 
ENVIRONMENT 
In an urban environment, faecal contamination sources are numerous and in the 
majority of cases are linked to the drainage system : 
The first consideration is given to waste water. Control of coastal habitation 
connections and the waste water network, which must be perfectly watertight, and if 
possible, separate, must be systematic. If not, all connections with the sea must be 
identified and placed under surveillance. Generally, water treatment stations are not 
efficient enough to eliminate bacteria and viruses. Without specific treatment, the 
outgoing flows are, at best, reduced by a factor from 10 to 100 compared to the 
incoming flows. The beaches are therefore influenced by the micro-organisms found 
in the water discharged from the treatment plants, and these discharges are therefore 
a high source of pollution. Run-off rain water is equally a source of high pollution : 
- On one hand, the washing of urban surfaces via the rainwater network leads to 
numerous contaminants ending up in the sea, notably animal excrement. Corre et al, 
1999 indicate that the amount of contaminants in run-offs is from 10 to 104 times 
higher than the mandatory norms of the quality of bathing water. 
- On the other hand, regarding the combined network or pseudo separate network, in 
the event of rainfall, the mixing of both waste water and rainwater will be discharged, 
directly contaminating the beaches located in the proximity of the discharge pipes. 
- The coastal water courses that traverse urban zones are subjected to the same 
problems and consequently can contaminate the beaches located in their paths. 
- Animal rearing must be controlled in order to avoid all direct discharges or from 
rainwater run-offs. 
- Beach frequentation is an influential parameter. Measurements taken at different 
times during the day by the Public Health Department at the end of July on a 
Marseille beach showed a significant increase in bacteria at the end of the morning 
and in the afternoon, with levels reaching 110 Escherichia Coli/100ml. 
- Pollution can come from the sea, notably from pleasure boats. Marseille beaches 
located in uninhabited areas of the Calanques can indicate bad results, without the 
sewer system being implicated. 
 
4 THE HYDRO-MORPHOLOGICAL CONTEXT OF MARSEILLE 
Marseille and its suburbs cover 23,000 hectares of which 15,000 are urbanised, and 
therefore a large proportion is impermeable. The town is in the form of a basin, 
surrounded by hills, and a hydrographical network composed of 50 km of water 
courses and 500 km of underground rain drainage pipes drains the polluted run-off 
water from urban surface run-offs. The sewer network is composed of 1000 km of 
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sanitary pipes and 500 km of combined network. 64 storm overflow pipes divert water 
from the combined network should rainfall exceed 5mm in an hour. 
The sea is the area receptor, more particularly, beach areas where preserving good 
quality bathing water is of primary importance. It is noted that the Marseille treatment 
plant discharges its water outside the bathing area, and local studies of the current 
have shown that the bathing area is not affected. 
Consequently, the quality of bathing water in Marseille is particularly dependant on 




Figure 1: The Marseille Sewer Network 
 
5 THE PRELIMINARY DRAINAGE SITUATION IN MARSEILLE 
For several years the town of Marseille, and currently, the Marseille Provence 
Metropolis urban community, has implemented an ambitious programme in order to 
protect the bathing areas from pollution that could come from the sanitary and 
rainwater drainage networks. The principal sources of pollution were identified about 
30 years ago : 
- The outflow of the small coastal river Huveaune arrived in the middle of the southern 
bathing area, transporting water that may have been polluted. 
- Coastal habitations and restaurants built below drainage networks discharged their 
effluents directly into the sea. 
- Rainwater pipes that collected water used for cleaning urban surfaces during dry 
weather discharged a large amount of polluted water into the sea. 
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- The eventual problems of pumping stations were only known after noticing the 
effects of effluents discharged into the sea, delaying the implementation of corrective 
measures. 
- The main discharge pipe of the combined network was responsible for much of the 
pollution as soon as it began to rain on the central beach of Marseille.  
 
6 DRAINAGE ACTIONS 
During this period, numerous durable development actions have been implemented 
which are now realising positive results: 
-The river Huveaune has been re-directed from its natural outflow by constructing a 6 
km underground trunk sewer that arrives in an inaccessible area to the calanques 
(rocky inlets), at the same place as the waste discharged from the treatment plant.  
-Systematic surveys were carried out on all habitable areas bordering the coast in 
order to remove all waste water discharges, either directly in the sea, or in rainwater 
networks. A sanitary pipe was laid along the coast and all connections to it from 
private properties had to conform to municipal standards. 
-Street water was deviated towards the sanitary network by establishing links 
between the rainwater and sanitary systems. These links are equipped with automatic 
remote controlled gates, enabling the link to be closed in the event of heavy rain 
thereby avoiding saturating the sanitary network. 26 installations of this type have 
been installed upstream of discharges into the sea from rainwater outlets in bathing 
areas. 
-The 3 largest discharge pipes of the combined network, initially static, have been 
replaced by remote controlled gates, allowing water to be maintained in the network 
until risk of flooding occurs. These will then open when this level is reached. 
-The overall electromechanical equipment is equipped with an electronic surveillance 
system that enables rapid detection of malfunctions resulting in improved reactivity of 
interventions. Remote control of the same equipment enables the optimisation of 
storage capacities of polluted water in the sewerage network to avoid all effluent 
overflows into bathing areas. 
- The radar images of Météo-France and a network of 24 rain gauges spread 
throughout the town and repatriated at the remote control centre enable rainy periods 
to be anticipated and managed.  
 
7 PROFILE OF BEACHES VULNERABLE TO POLLUTION DUE 
TO DRAINAGE 
SERAM has begun to diagnose precisely all discharge outlets into the sea from the 
combined drainage, sanitary and rainwater networks, whether they are private or 
public. A dossier has been drawn up for each beach establishing its vulnerability to 
pollution from discharges or run-offs. The capacity before overflow of each sewerage 
treatment plant has also been studied. It has, therefore, been possible to locate the 
most critical networks and to systematically carry out preventive maintenance work 
before and during the bathing season. In addition, should there be a problem, this 
assessment will enable it to be identified more rapidly. Equally, it has been possible to 
determine the cumulative and intensity levels of rain that lead to the first run-offs and 
discharges susceptible to polluting the beaches, which would forbid bathing. 
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8 DYNAMIC BEACH MANAGEMENT  
In Marseille, official bathing control is assured by The Public Health Department 
which takes samples and has them analysed in the public hygiene laboratory. From 
May to September, more than 20 samples from each of the 22 beaches are carried 
out according to dates defined at the beginning of the season. During peak season, 
two samples per week are taken and the results are received 48 hours later. These 
are then analysed by The Public Health Department and classified by category: 
Good, Average and Bad Quality Water. In the case of the latter, the beach concerned 
is closed by order of the Town Hall. A closure implies that a new sample must be 
taken and research conducted in order to establish the origin of the pollution. 
To conform to this established directive, the analysis focuses on all the Coliforms, 
Escherichia coli and the faecal Streptococci. The physical chemical parameters 
focusing on the moss, hydrocarbons and smell are evaluated on site by qualified 
sampling agents. At the end of the season, the beaches are classified into four 
categories: A – good quality water, B- average quality water, C – water possibly being 
momentarily polluted and D – bad quality water. 
Since the year 2000, the decrees specifying how a law should be enforced allow for a 
“preventive closure” when potential pollution is suspected. This means a brief closure 
of the beach and a ban on bathing. In such a case, a sample and rapid analysis are 
carried out in order to judge the necessity of maintaining the closure.  
The Public Health Department has mobilized municipal support, SERAM, the 
drainage network operator, and the Société des Eaux de Marseille’s  laboratory in 
order to enforce the following preventive measures:   
 
Surveillance: 
-50 municipal policemen patrol the bathing areas in order to pick up any trace of 
visual pollution. 
-SERAM monitors the sewer network 24 hours a day using a remote control system 
equipped with captors which immediately diagnose any discharges towards the 
beaches. Operating teams inspect highly sensitive equipment daily. 
-SERAM monitors the risk of rain 24 hours a day by utilising radar images and its rain 
gauge network so as to diagnose the first run-offs susceptible of ending up on the 
beaches and polluting them. 
 
Information: 
As soon as a discharge or a run-off is diagnosed, SERAM evaluates the suspected 
volumes and warns the Public Health Department which, when necessary, instructs 
the municipal police to close the beaches. Bathers are then asked to leave the water, 
a purple flag is hoisted at the first –aid post and an information board is erected. 
 
Control: 
As soon as the beach has been closed, a sample is taken and analysed using a 
technique that gives a rapid indication on the state of bacterial pollution. If bad quality 
water is diagnosed, bathing continues to be forbidden and more samples are taken 
until the acceptable quality is achieved. The Public Health Department has agreed a 
system with SERAM and the SEM to ensure that samples and analyses are taken 7 
days a week throughout the bathing season. 
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Approximately 100 preventive closures occurred in 2004 and 2005 due to this 
dynamic management process, ranging from half a day to one day each season on 
the 22 beaches. On average, there were 5 per beach during the season, mainly due 
to rain. Therefore it was possible to forecast all sanitary risks for bathers.  
 
9 QUALITY OF BATHING WATER IN MARSEILLE 
The overall results of these policies show a significant improvement in the bacterial 
quality of the Marseille bathing water where the number of bathers has continually 
increased over the years. The results obtained over the past few years are 
encouraging. Not one beach has been classified category D. In 2002, of all the 
results, 25 were “officially” classified as bad, which decreased to 14 in 2003, 9 in 
2004 and 4 in 2005, in which year all the beaches were classified as category A or B 
by the State services.  
In order to ensure an efficient drainage management network, SERAM ensures that 
no beach closures are attributable to the drainage network when it is dry or, that there 
is a preventive closure should there be a network breakdown. A specific indicator has 
been established to ensure that this control works. 
The tightening of constraints linked to the new directive value levels demands that all 
procedures are monitored and followed up. In particular, the elimination of stagnant 
water in the discharge systems, the  waterproof  lining of the drainage pipes along the 
coastal borders and the optimisation of the sewerage overflow pipes are all being 
studied. Other methods of improvement are also being developed, notably : 
-The use of analysis to provide results in less than 2 hours 
-The development of a continuous bacteriological measuring method by the Marseille 
CNRS (The National Centre of Scientific Research) 
-Developing a numerical model of the current so as to understand  the dispersion 
phenomena of pollution in the Marseille bathing area. 
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